SUBJECTS
The electrocardiograms of 33 patients with complete transposition of the great vessels were available: standard and precordial leads had been recorded in 31, but standard leads only in 2 (Patients 6 and 12). Four patients were from Southampton Chest Hospital and 29 from Guy's Hospital. The diagnosis had been confirmed by necropsy in 23, by angiography and/or cardiac catheterization in 5, by operation in 2, by operation and cardiac catheterization in 2, and by cardiac catheterization, angiocardiography, and operation in 1. Thirteen patients were less than 1 year old, 6 were between 1 and 10 years, 8 were between 10 and 20 years, and 6 were between 20 In adults above the age of 16 years a normal axis was considered present if it ranged from 0 to + 600. In all age-groups the limit between extreme right axis deviation and extreme left axis deviation is considered to be -900. According to Martins de Oliveira and Zimmerman (1959) the normal P wave in limb leads should not exceed 0 10 sec. in duration and 2-5 mm. in amplitude. The P vector is supposed usually to lie between + 30 and + 750, though a wider range to the left has been described in normal subjects, but never exceeding -30°. The normal P-R interval for the age-group 0 to 16 years has been averag-d out from the normal values of Ziegler (1951) . In adults the normal P-R interval was accepted to vary from 0-12 to 0-20 sec. (Wood, group.bmj.com on November 8, 2017 -Published by http://heart.bmj.com/ Downloaded from (Wood, 1956 ). According to Ziegler (1951) and Sodi-Pallares et al. (1958a) , at birth the T waves are upright in the right prxcordial leads and frequently inverted in the left prwcordial leads. Afterwards the waves gradually become negative in the right and positive in the left prwcordial leads. The normal T wave changes in the age-group 0 to 16 years have been discussed in detail by Ziegler (1951) . The criteria employed for signs of right, left, and combined ventricular hypertrophy are those suggested by Vince and Keith (1961) , using the normal values of Ziegler (1951) In the group of 8 with a ventricular septal defect and pulmonary stenosis, right ventricular hypertrophy was present in 6, left hypertrophy in 1 (Fig. 2) , and combined hypertrophy in 1.
In the whole group of 31 patients, normal ventricular hypertrophy pattern was present in 3, right ventricular hypertrophy in 20, left ventricular hypertrophy in 2, and combined hypertrophy in 6.
5. Morphology of QRS in Pre-cordial Leads (31 patients). Lead Vi showed a pattern of rsR' in 4, rSr' in 1, RsR' in (Fig. 3) , and rsR's' in 1. Slurring of the R wave in lead VI was present in 4 others. All 11 patients had a ventricular septal defect, which was also associated with pulmonary stenosis in 5.
In the whole group, a Q wave in Vi which measured 1 mm. in depth was observed in 2 patients, and 2-3 mm. in 2.
The first 2 patients had a ventricular septal defect, while the last 2 had a closed ventricular septum.
In 1 of the 2 with a closed ventricular septum, QS waves in V2-3 measured 5-10 mm. in depth (Patient 8: Fig. 4 
T Wave Changes. (a) Limb leads (33 patients):
Generalized T wave inversion was present in the limb leads of 2 patients (Patients 3 and 12), and in lead I only in 3 with a ventricular septal defect (Patients 23, 24, and 28) . The first 2 patients were on digitalis at the time of recording the electrocardiogram.
(b) Pr-ecordial leads (31 patients). In the whole group of 31 patients, higher T waves in the right prwcordial leads than those in the left leads were present in 3 (Patients 4, 13, and 21), and higher in the left than in the right in 2 (Patients 2 and 16). Notching of the T waves in the left praecordial leads was observed in 1 (Patient 9). DISCUSSION 1. Rhythm. The present series suggests that chronic abnormalities of rhythm and conduction are uncommon in complete transposition of the great vessels. In contrast to the relatively frequent occurrence of complete heart block in inverted complete transposition (corrected transposition) (Anderson, Lillehei, and Lester, 1957; Schiebler et al., 1961; and others) , complete atrio-ventricular dissociation was not seen in any patient in this series. Paul, Myers, and Campbell (1951) , and Sodi-Pallares and Calder (1956) state that complete heart block has been reported in complete transposition of the great vessels, but review of earlier reported supposed cases shows that Case 2 of Abbott (1936, p. 56) and patient of Aitchison, Duthie, and Young (1955) , were associated with single ventricle. That reported by Dickson and Jones (1948) is an example of complete transposition with single ventricle, with a rudimentary chamber and tricuspid atresia. In Case 2 of Ingham and Willius (1938) , there was corrected transposition of the great vessels in mirror-image dextrocardia. The occurrence of heart block in single ventricle has been discussed elsewhere (Shaher, 1963) . Since Case 10 of Lev and Rowlatt (1961) had complete transposition with inversion of the ventricles, and complete heart block, it appears that the occurrence of this disturbance of conduction in complete (non-inverted) transposition of the great vessels raises two possibilities: (1) the presence of single ventricle, and (2) the presence of inversion of the ventricles. As no authenticated case with normally situated ventricles seems to have been reported, this combination should be regarded as being rare if it occurs at all.
2. P Waves. The present series confirms the earlier observation of Martins de Oliveira and Zimmerman of Elliott et al. (1963a) , that the frontal projection of the P vector is usually within normal limits. If we accept a height of the P wave of 2 mm. as being within the normal range, then in the whole group of 33 patients, abnormally tall P waves were present in 29 patients, i.e. 88 per cent. Of these, 7 had a closed ventricular septum (80% of this group), 14 had a ventricular septal defect without pulmonary stenosis (88% of this group), and 8 had a ventricular septal defect with pulmonary stenosis (100% of this group). Only 2 patients in the whole series, who had a ventricular septal defect without pulmonary stenosis, exceeded the upper limit of the duration of the P waves (Patients 20 and 21) .
In the group of 5 patients reported by Martins de Oliveira and Zimmerman (1959) (details of the ventricular septum and of the left ventricular outflow not specified), the duration of the P wave was increased to 0 11 sec. in 2, the amplitude varied from 1-9 to 4-5 mm., and peaking was present in all 5 cases. In the group of 48 patients reported by Noonan et al. (1960) , abnormal P waves were present in 30 and tended to become more abnormal with increasing age. Elliott et al. (1963a) divided their patients into those with a small communication (27), and those with a large communication (21). In their first group the P waves were abnormal in 12 of the 27, while in their second group they were abnormal in 14 patients. The last two groups of authors, however, did not specify the criteria for identifying abnormal P waves in their cases and accordingly the findings in this series cannot be compared directly to their findings.
3. P-R Interval. No definite conclusions could be drawn from the P-R interval, but longer P-R intervals tended to occur in older patients.
4. Electrical Axis. The present series suggests that normal axis deviation probably occurs only in some infants less than 1 year of age, older children and adults almost always having an abnormal axis. Thus of the 13 patients whose age was 1 year or less, 3 had normal axis deviation, while all the 20 patients above the age of 1 year had an abnormal axis. Of the whole group, 80 per cent had right axis deviation, and only 2 (6%) had left axis deviation. Each of the last 2 had an associated ventricular septal defect.
5. Duration of QRS (Vi). No conclusion could be drawn from the duration of the QRS, but it seemed that while a short duration of 0-04-0-06 sec. may occur in younger patients, a duration of0-08 sec. or more is likely in older patients regirdless of the anatomy of the ventricular septum. (Keith et al., 1958) , and in 37 per cent (Noonan et al., 1960) of cases associated with a ventricular septal defect. The latter authors pointed out that hypertrophy of both ventricles, or of the left ventricle alone, was the rule in patients with a ventricular septal defect and large pulmonary blood flow. These 2 patterns, however, should be regarded as being suggestive only of a ventricular septal defect, for the case of transposition of the great vessels with a closed ventricular septum reported by Pung, Gottstein, and Hirsch (1955) showed "left heart preponderance". Moreover, for reasons which will be discussed later, partial right bundle-branch block or slurring of the R wave in Vl may be expected in some patients with a closed septum.
Whereas a pattern of biventricular hypertrophy was observed in 1 patient with a closed ventricular septum in this series, 5 patients with a ventricular septal defect showed this pattern. Combined ventricular hypertrophy was not observed in patients with a closed ventricular septum in Noonan et al.'s (1960) series, but among their patients with a ventricular septal defect, 13 showed this electrocardiographic pattern. In Elliott et al.'s (1963a) series, cases with a ventricular septal defect were associated with biventricular hypertrophy at least twice as frequently as were cases with a closed ventricular septum. These findings suggest that electrocardiographic signs of biventricular hypertrophy tend to be associated with a ventricular septal defect rather than with a closed ventricular septum. Keith et al. (1958) observed a qR pattern in Vl in 3 of their patients: 2 with single ventricle and 1 with a closed ventricular septum. Elliott et al. (1963a) pointed out that in their series a Q wave was seen in Vl only in patients with a small communication. In this series, though deep Q waves in Vl were observed only in 2 patients with a closed ventricular septum, 2 patients with a ventricular septal defect had a small QV1.
Watson and Keith (1962) Although no pattem could be correlated to the present absence of pulmonary stenosis, cases without pulmonary stenosis tended to show a pattern of biventricular hypertrophy, whereas cases with pulmonary stenosis tended to show a pattern of isolated right ventricular hypertrophy. Thus, in this series only 1 patient with pulmonary stenosis showed combined ventricular hypertrophy pattern, while 4 without pulmonary stenosis had it. This has also been suggested earlier by Noonan et al. (1960) Astley and Parsons (1952) that the electrocardiogram in transposition was indistinguishable from that in Fallot's tetralogy, was valid only in older children and adolescents with transposition. The findings in this series support this opinion, for of the 3 patients with a normal ventricular precordial pattern (except for the presence of digitalis effect) 2 were under the age of 3 months.
In the present series a pattern of right ventricular hypertrophy was seen in 64 per cent of the patients, left ventricular hypertrophy in 6 per cent, combined ventricular hypertrophy in 20 per cent, and a normal pattern in 10 per cent. Among the 53 patients with complete transposition reported by Calleja and Hosier (1960) , right ventricular hypertrophy was present in 60 per cent, left ventricular hypertrophy in 15 per cent, and combined ventricular hypertrophy in 9 per cent. They considered the electrocardiogram normal in 13 per cent. The pattern of ventricular hypertrophy in the 48 patients reported by Noonan et al. (1960) Keith et al. (1958) thought that these electrocardiographic patterns were seen more often in infants than in older age-groups. In this series no attempt has been made to study the height of the R waves in relation to the total RS amplitude in lead VI, for 12 patients with a ventricular septal defect had no S wave in this lead.
7. T Wave Changes. The present series suggests that the commonest T wave abnormality in complete transposition ofthe great vessels is negativity in the right precordial leads in adults and positivity in these leads in infants and children. Zuckermann, Cisneros, and Novelo (1951) In the present series only 3 patients had higher T waves in the right precordial leads than those in the left, while 1 had notching of the T waves in V5-6. In the group of 54 patients of Elliott et al. (1963a) , notched T waves in lead V6 were seen in 2, and positive T waves higher in the right pracordial leads than in the left prwcordial leads in 9.
8. Systolic and Diastolic Overloading of Right and Left Ventricles. Cabrera and Monroy (1952) and Cabrera and Gaxiola (1959) studied the relation between the electrocardiogram and the haemodynamics in heart disease in general, and described patterns for the electrocardiographic recognition of systolic and diastolic overloading of the right and left ventricles. In systolic overloading of the heart stronger contractions occur because of increased resistance to ejection of blood. Diastolic overloading indicates an increase of the volume of blood filling the ventricle during diastole. The electrocardiographic pattern of systolic overloading of the left ventricle is characterized by delayed repolarization of that ventricle, producing a negativity of the T waves and/or S-T segment in the left ventricular leads. Diastolic overloading of the left ventricle is recognized by the high delayed R wave in V5 and V6 with deep S waves in V2 and V3, and high positive T wave in V5 and V6. Systolic overloading of the right ventricle increases the voltage of the R wave in V1, and the QRS in this lead may present an RS, Rs, or qR pattern, with or without slurring or notching of the R wave. Diastolic overloading of the right ventricle is recognized by the presence of RSR' or multiphase QRS pattern in Vi. Agustsson, DuShane, and Swan (1957) pointed out that diastolic overloading of the left ventricle might be represented by deep Q waves and tall R waves and tall peaked upright T waves in leads II, III, VF, and V6. Systolic overloading of the left ventricle may be presented by an initial Q wave followed by tall R waves, with intrinsicoid deflection greater than 0 04 sec., and associated with flattened or inverted T waves in these leads. Luna and Crow (1961) correlated the degree of pulmonary hypertension to the morphology of the QRS in lead VI. When the right ventricular pressure was greater than the left ventricular pressure, 75 per cent of their cases had a qR pattern. With balanced ventricular pressure, 77 per cent had an initial slurring of the upstroke of the R wave. When the pressure in the left ventricle exceeded that in the right ventricle, 75 per cent of their tracings had a clean R wave. Watson and Keith (1962) confirmed the concept that a deep Q wave in the left precordial leads was one of the features of left ventricular diastolic overloading and stressed that a QV6 was the most frequent single indication of left ventricular diastolic overloading, and a change in its depth was a most useful indication of a change in the left ventricular diastolic overloading. They pointed out that this sign was more characteristic of left ventricular diastolic overloading than tall peaked T waves, the latter being frequently absent even in the presence of clear evidence of left ventricular diastolic overload. In their view the amplitude of the R in V6 increased in both left ventricular systolic and diastolic overloading, whereas QV6 was either normal or diminished in left ventricular systolic overloading.
If the electrocardiogram in complete transposition of the great vessels is to be viewed from a hoemo- It has been shown elsewhere (Shaher, 1964b cardiogram in complete transposition, in relation to the size of the associated defects. They divided their patients into those with a " small communication", and those with a "large communication". It seemed important to them "to work from a functional rather than from a primary anatomic point of view, and to consider the influence of absence or presence of flow through the ductus arteriosus, as well as through the ventricular septum". It has been shown elsewhere (Shaher, 1964b) Before operation she was intensely cyanosed and the electrocardiogram showed isolated right ventricular hypertrophy. Little improvement in cyanosis followed operation, but the chest radiograph showed more cardiac enlargement, and pulmonary plethora was noted for the first time ( Fig. 5A and B) . The post-operative electrocardiogram showed biventricular hypertrophy with the development of Q waves and tall R waves in V6 ( Fig. 6a and b ).
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